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Abstract 
In order to implementing theoretical urban ecosystem health assessment into practical urban management more effectively, it is 
necessary to find out the relationship between the urban ecosystem health status based on the internal metabolism characteristics 
and the external performance of the urban ecosystem. Eleven indicators are selected to describe the performance of the urban 
ecosystem from aspects of resources condition, social civilization, economic development and environmental load. The 
correlation analysis between the emergy-based urban ecosystem health status in view of energy and material flows and the 
ecosystem status based on the eleven indicators is conducted to reveal the relationship between the internal biophysical 
foundation and the external performance of the urban ecosystem. It is indicated that the resources basis and the economic 
development level correlate with the emergy-based urban ecosystem health status, which implies the measurement of effectively 
and reasonably utilizing and exploiting resources, adjusting the economic development pattern and industrial structure should be 
paid much attention to improve the urban ecosystem health level and optimize the urban ecosystem management. 
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1. Introduction 
As a huge complex system, urban ecosystem collects large amounts of different factors in the limited area, 
including biotic and abiotic environment, renewable and non-renewable resources, human beings and other 
organisms, production process and consumption activity, and so on, which can be classified from various 
dimensions. So many interactive factors congregate within the urban ecosystem that it is difficult to evaluate the 
status of the whole ecosystem, e.g. the ecosystem health status, simply and accurately [1], where a holistic approach 
that can connect multiple factors and present the key characteristics of the urban ecosystem is therefore needed. 
Everything has its biophysical foundation, which is the basis of the derivative performance, like growth, exchange, 
interaction, and development. As for urban ecosystem, the complexity incorporating numerous social, economical 
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and ecological factors, and unique energy signature, have distinguished it from the other ecosystems [2]. Like the 
blood in an organism, the circulation of energy and materials flows among the social, economic and ecological 
factors based on the biophysical medium, is very important for the growth and development of the urban ecosystem. 
Particularly, Brown and Ulgiati asserted that the change of energy and matter flows in the ecosystem may induce 
declines in ecosystem health [3]. Therefore, fundamental biophysical drivers, i.e., flows of energy and materials, and 
the constrains they impose, should be integrated to enhance the understanding of ecological patterns and processes 
in the urban ecosystem to produce long-term dynamics [4].  
When considering the urban ecosystem as an energy system integrating free environment investment, goods, 
services and information, emergy synthesis, first presented by Odum out of a creative combination of energetics and 
systems ecology [5], is considered as a promising method for characterizing the properties of urban ecosystem 
networks and indirectly measuring the urban ecosystem health status [6]. In fact, theoretical discussion and 
indicators of emergy have been developed to study socio-economic metabolism of urban ecosystems [7~13], which 
is of great value for urban ecosystem health assessment. Besides, emergy analysis has been already applied to 
evaluate urban ecosystem health status by Liu et al. [14] and Su et al. [15], which indicates that emergy synthesis is 
a suitable method for urban ecosystem health assessment in view of biophysical foundation that can be further 
developed. 
On the other hand, we have to acknowledge that the status of urban ecosystems are more usually assessed by 
macroscopic and visible indicators, e.g., the sustainable indicators [16], since the external performance of urban 
ecosystems denoted by these indicators is more understandable for the public and more practicable for the urban 
managers. Although the urban ecosystem has been assessed from two different aspects respectively, there must be 
certain relationships between the two aspects (see Fig. 1). In this paper, the correlation analysis between the emergy-
based urban ecosystem health status and the ecosystem status based on the visible indicators is conducted, which is 
helpful to find out the relationships between the internal energy and materials flows and the external performance of 
the urban ecosystem, also helpful for applying theoretical urban ecosystem health assessment into practical urban 
management. 
 
 
Fig. 1. Framework of this study 
2. Methodology 
2.1. Urban ecosystem health assessment based on emergy 
As stated above that emergy analysis has been used to assess the urban ecosystem health status in our previous 
study [15], in which seventeen emergy-based health indicators are established to depict the biophysical 
characteristics of urban ecosystem from five aspects including vigor, structure, resilience, ecosystem service 
function maintenance and environmental impact, by integrating related emergy indicators and the classic assessing 
factors of urban ecosystem health. The renewable resources, non-renewable resources, imports and exports, human 
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services and corresponding money flows are considered and measure in a holistic way through emergy analysis. In 
addition, set pair analysis, an uncertainty method emphasizing the connection amongst different studied objects, is 
also combined with emergy-based indicators to relatively measure the urban ecosystem health status, when taking 
the intrinsic uncertainty and relativity of urban ecosystem health into account. Concretely speaking, values of 
emergy-based urban ecosystem health indicators for each city are obtained visa the basic procedure of emergy 
synthesis to generate the characteristic set of each urban ecosystem, and then set pair analysis is applied as a data 
processing method to construct the connection between different urban ecosystems sets. At last, the parameter 
representing the relative approximate degree of assessed urban ecosystem health to the optimal evaluation set, 
marked as r, can be derived to reflect the relative health levels of various urban ecosystems. The details of 
establishment of emergy-based health indicators and the concrete procedure of set pair analysis can be found in the 
reference [15]. 
2.2. Selection of visible indicators for urban ecosystem 
The final objective of urban ecosystem study is to implement effective urban ecosystem management and 
improve the comprehensive status of the whole ecosystem, which implies that the easily understandable results as 
well as its practicability required by the urban managers must be paid much attention during the study. This is 
somewhat the reason why urban ecosystem assessment is usually conducted by macroscopic, visible, and 
understandable indicators. Here, in order to find out the relationship between the internal energy and materials flows 
of the urban ecosystem and its external performance, eleven visible indicators is selected to describe the main urban 
ecosystem characteristics from aspects of resources condition, social civilization, economic development and 
environmental load (see Table 1). Amongst these four assessing factors, the status of social civilization, economic 
development and environmental load is measured by common macroscopic indicators that can be easily found in 
statistical data and other literatures. In terms of the resources condition, its status cannot be simply represented by 
such common macroscopic statistical indicators as forest coverage, per capita land area, per capita house building 
area, and per capita public greenbelt area. Regarding the merit of emergy integrating renewable and non-renewable, 
indigenous and outside resources, two typical emeryg-based indicators, carrying capacity density based on 
renewable emergy and emergy self-sufficiency, is selected to comprehensively describe the resourced basis of the 
urban ecosystem finally. 
Table 1. The visible indicators of urban ecosystem development status  
Assessing factors Concrete indicators Unit 
Resources 
condition (R) 
Carrying capacity density based on renewable emergy (RCC) Pop/km2 
Emergy self-sufficiency (RES) - 
Social civilization 
(S) 
Angel's coefficient (SAC) - 
Number of college students per 10000 persons (SNC) - 
Number of hospital beds to per 10000 persons (SNH) - 
Economic 
development 
(E) 
Per capita GDP (EPC) $ 
Proportion of 3rd industry to GDP (EPI) % 
Proportion of gross export to GDP (EPG) % 
Environmental load 
(EL) 
Per capita GDP material consumption (ELPC) Tons of standard 
coal 
Treatment rate of urban domestic water (ELTR) % 
Comprehensive utilization rate of industrial solid waste (ELCU) % 
2.3. Correlation analysis 
After obtaining the relative urban ecosystem health status measured by the generated comprehensive parameter r 
based on emergy analysis and set pair analysis and also the values of eleven visible indicators for urban ecosystem 
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assessment, the correlation analysis can be conducted, when setting the parameter r and eleven visible indicators as 
variables in the software SPSS. Through Pearson correlation analysis, the correlation between the urban ecosystem 
health status based on energy and materials flows and the ecosystem status based on the visible indicators can be 
acquired. 
3. Results 
3.1. Urban ecosystem health levels based on emergy 
Twenty-six typical cities located in different regions of China, including Beijing, Shanghai, Guangzhou, Tianjin, 
Xi’an, Qingdao, etc., are chosen as the study sites. After collecting the basic data in 2005 for these urban ecosystems, 
the emergy accounting and set pair analysis is conducted to obtain the value of the parameter r that representing the 
relative approximate degree of assessed urban ecosystems’ health to the optimal evaluation set. The final results are 
shown in Table 2, in which the urban ecosystem health levels based on emergy of Xiamen, Qingdao, Shenzhen, 
Zhuhai and Shanghai city are pretty well, while those of Beijing, Yinchuan, Shenyang, Nanning, and Urumchi city 
are relative weak. 
Table 2. Relative urban ecosystem health levels based on emergy 
Value Xiamen Qingdao Shenzhen Zhuhai Shanghai Haikou Tianjin Hangzhou Kunming Chongqing
r 0.8624 0.7573 0.7907 0.7458 0.6623 0.5967 0.5797 0.5563 0.4996 0.4727 
Value Nanjing Suzhou Wuxi Chengdu Fushun Urumchi Nanning Shenyang Yinchuan Beijing 
r 0.3442 0.2983 0.2881 0.2725 0.2512 0.2458 0.2450 0.2419 0.2196 0.2163 
3.2. Correlation between the  urban ecosystem health status based on emergy and that based on the visible 
indicators 
The correlation analysis results between the urban ecosystem health status based on emergy and the ecosystem 
status based on the visible indicators from four aspects, i.e., resources condition (marked as R), social civilization 
(marked as S), economic development (marked as E), and environmental load (marked as EL), are respectively 
indicated in Table 3, 4, 5, and 6. It is included that there exists correlation between the urban ecosystem health and 
the resources condition as well as the economic development level, while there is not obvious correlation between 
the urban ecosystem health and the social civilization as well as the environmental load. Besides the appeared 
linkage, it also implies that the resources basis and economic development level are always important for an urban 
ecosystem, meaning that they should be continuously regarded as the important objects of urban ecosystem 
management and regulation. 
Concretely speaking, the three indicators, carrying capacity density based on renewable emergy, proportion of 3rd 
industry to GDP, and proportion of gross export to GDP, have correlation with the emergy-based urban ecosystem 
health status. It implies energy and materials flows in the urban ecosystem have influence on these indicators, and 
on the other hand regulation on these visible indicators may translate into the energy and materials flows in the 
urban ecosystem. As for the first indicator, maybe its correlation with emergy-based urban ecosystem health can be 
explained by the intrinsic linkage between the indictors themselves, but it cannot be ignored that the regulation 
measurement of effectively using and maintaining renewable resources is important for improving the urban 
ecosystem health level. With regards to the latter two indicators, the correlation with emergy-based urban ecosystem 
health give certain guideline for urban ecosystem management in the future, e.g., further regulating industrial 
structure and paying more attention to the trade development. 
Table 3. Correlation analysis result between emeryg-based urban ecosystem health status and resources condition indicators 
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  r RCC RES
r Pearson Correlation 1 .554(**) .114 
Sig. (2-tailed) . .003 .579 
N 26 26 26 
RCC Pearson Correlation .554(**) 1 .223 
Sig. (2-tailed) .003 . .275 
N 26 26 26 
RES Pearson Correlation .114 .223 1 
Sig. (2-tailed) .579 .275 . 
N 26 26 26 
**  Correlation is significant at the 0.01 level (2-tailed). 
Table 4. Correlation analysis result between emeryg-based urban ecosystem health status and social civilization indicators 
  r SAC SNC SNH
r Pearson Correlation 1 .021 -.223 .007 
Sig. (2-tailed) . .918 .274 .972 
N 26 26 26 26 
SAC Pearson Correlation .021 1 -.062 -.205 
Sig. (2-tailed) .918 . .763 .316 
N 26 26 26 26 
SNC Pearson Correlation -.223 -.062 1 .344 
Sig. (2-tailed) .274 .763 . .086 
N 26 26 26 26 
SNH Pearson Correlation .007 -.205 .344 1 
Sig. (2-tailed) .972 .316 .086 . 
N 26 26 26 26 
Table 5. Correlation analysis result between emeryg-based urban ecosystem health status and economic development indicators 
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  r EPC EPI EPG
r Pearson Correlation 1 .374 .402(*) .690(**) 
Sig. (2-tailed) . .060 .042 .000 
N 26 26 26 26 
EPC Pearson Correlation .374 1 .109 .275 
Sig. (2-tailed) .060 . .595 .000 
N 26 26 26 26 
EPI Pearson Correlation .402(*) .109 1 .341 
Sig. (2-tailed) .042 .595 . .088 
N 26 26 26 26 
EPG Pearson Correlation .690(**) .275 .341 1 
Sig. (2-tailed) .000 .000 .088 . 
N 26 26 26 26 
*  Correlation is significant at the 0.05 level (2-tailed). 
**  Correlation is significant at the 0.01 level (2-tailed). 
Table 6. Correlation analysis result between emeryg-based urban ecosystem health status and environmental load indicators 
  r ELPC ELTR ELCU
r Pearson Correlation 1 -.348 .231 .223 
Sig. (2-tailed) . .082 .257 .274 
N 26 26 26 26 
ELPC Pearson Correlation -.348 1 .060 -.350 
Sig. (2-tailed) .082 . .771 .080 
N 26 26 26 26 
ELTR Pearson Correlation .231 .060 1 .177 
Sig. (2-tailed) .257 .771 . .387 
N 26 26 26 26 
ELCU Pearson Correlation .223 -.350 .177 1 
Sig. (2-tailed) .274 .080 .387 . 
N 26 26 26 26 
4. Discussion and conclusion 
On the one hand, urban ecosystem health evaluation has been conducted to reflect the structure and function 
characteristics of the whole ecosystem by using emergy analysis, when regarding the importance of energy and 
materials flows for the urban ecosystem’s maintenance and development. On the other hand, the urban ecosystem is 
also assessed by macroscopic and visible indicators, since the external performance of the urban ecosystem 
described by these indicators is more understandable for the public and more acceptable and practicable for the 
urban governmental managers. Both studies are meaningful for improving the urban ecosystem development status. 
If the relationship between the internal energy and materials flows and the external performance of the urban 
ecosystem can be found out, it will be helpful for combing theoretical urban ecosystem health assessment with 
practical urban management much more. Therefore, the correlation analysis between the urban ecosystem health 
status based on emergy and the ecosystem status based on the visible indicators is conducted in this paper, so as to 
reveal the linkage and implement effective urban ecosystem management. 
Choosing the situation of twenty-six typical Chinese cities in 2005 as the case, it is included that the resources 
condition and the economic development level correlate with the emergy-based urban ecosystem health status, while 
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the social civilization and the environmental load doesn’t appear obvious correlation with the emergy-based urban 
ecosystem health status. The results can be understood from different aspects. Firstly, the energy and materials flows 
within the urban ecosystem and the resources condition as well as the economic development may influence each 
other. Secondly, regulation aiming at economic development pattern and resources’ usage may help improve the 
urban ecosystem health level in view of energy and materials flows. Thirdly, changes of energy and materials flows, 
e.g., increasing and decreasing the components, constructing and breaking the linkage amongst different 
components, changing the energy and materials flowing direction, may impact the resources condition and the 
economic development levels of the urban ecosystem. Fourthly, the resources condition and economic development 
level are always important for an urban ecosystem, which means the regulation policy of effectively and reasonably 
utilizing and exploiting resources, adjusting the economic development pattern and industrial structure, and 
developing trade should be emphasized continuously to improve the urban ecosystem health level and optimize the 
urban ecosystem management. 
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